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Cooperative  studies  carried  out  over  wide  areas  indicated  that  climate 
determines  the  northern  limit  of  hibernation  of  the  corn  earworro  (Heliothis 
zea  (Boddie) )._'_'  These  studies  showed  that,  except  in  specially  protected 
locations,  the  earworm  appears  unable  to  hibernate  much  above  38**  latitude  in 
the  central  part  of  the  United  States.  Adults  issued  from  hibernation  cages 
in  1  out  of  4  years  at  St.  Louis  and  Charleston,  Mo.,  (approximately  38*40' 
and  40*  latitude,  respectively).  However,  they  have  been  found  to  hibernate 
as  far  north  as  southeastern  Washington  and  southern  Connecticut. 

Temperature  and  rainfall  appear  to  be  primary  limiting  factors,  with  the 
probability  that  duration  of  low  temperatures  as  well  as  minimum  temperatures 
determines  the  northern  hibernation  point.   Likewise,  excessive  winter  rain- 
fall has  been  observed  to  prevent  hibernation,  especially  in  soils  of  low 
permeability.  The  amount  of  rainfall  during  the  summer  may  also  affect 
earworm  populations,  in  that  excessive  amounts  destroy  eggs  on  the  corn  silks 
and  leaves,  drown  the  pupae,  or  prevent  emergence  of  the  adults  from  the  soil. 
Conversely,  the  length  of  the  pupal  stage  may  be  greatly  increased  where 
drought  conditions  exist. 

Circumstantial  evidence  indicates  that  infestations  of  the  corn  earworm 
in  northern  areas  may  be  due  to  moths  migrating  from  the  South.  The  northern- 
most limit  of  migration  appears  to  fluctuate,  depending  largely  on  temperature 
and  precipitation  during  the  winter.  The  rate  and  perhaps  direction  of  spread 
during  the  summer  are  likely  to  be  affected  by  weather  conditions.  However, 
whether  migration  in  general  is  northward  or  northeastward  in  the  direction  of 
prevailing  summer  winds  or  nondirectional  toward  suitable  host  plants  has  not 
been  determined. 


e* 


1/     In  cooperation  with  the  Illinois  Natural  History  Survey  and  the 
Mississippi  Agricultural  Experiment  Station. 

2/  Barber,  G.  W.  Hibernation  of  the  com  earworm  in  southern 
Connecticut.   Conn.  Agr.  Expt.  Sta.  Bui.  419,  27  pp.   1939. 

3/  Blanchard,  R.  A,  Hibernation  of  the  com  earworm  in  the  central  and 
northeastern  parts  of  the  United  States.  U.S.  Dept.  Agr,  Tech.  Bui.  838,  13  pp. 
1942. 


Factors  other  than  temperature  and  rainfall  that  may  affect  the  northern 
limit  of  migration  include  (1)  population  of  pupae  entering  the  winter  in  the 
diapause  state  (catches  of  large  numbers  of  moths  in  light  traps  during 
September  and  October  from  Texas  northward  and  eastward  through  Tennessee  into 
IllinoisZr  indicate  that  at  times  a  high  percentage  of  pupae  do  not  enter 
diapause  or  else  diapause  is  broken  before  winter  begins) ,    (2)  date  of  spring 
migration,  (3)  direction  of  prevailing  winds,  (4)  abundance  and  time  of  plant- 
ing of  early-season  hosts,  (5)  amount  of  predation  and  parasitism, 
(6)  fecundity  rate  of  moths,  (7)  relative  resistance  of  com  varieties,  and 
(8)  abundance  of  other  host  plants. 

No  exact  information  is  available  on  most  of  these  factors  and  less  is 
known  about  their  interactions.  However,  climatic  conditions  from  the  time 
the  insect  enters  diapause  in  one  year  until  com  begins  to  mature  the 
following  year  determine  the  population  density  and  the  amount  of  damage  by 
the  earworm.  The  conditions  resulting  in  diapause  occur  largely  in  late 
fy   August  and  early  September  in  the  northern  part  of  its  range.   Likewise  in  the 
mid-South  when  eggs  are  laid  early  in  September,  there  is  not  time  for  a 
complete  generation  even  where  suitable  host  plants  are  present.  Therefore, 
climatic  conditions  prevailing  from  September  to  the  following  August  affect 
the  rate  of  infestation  and  damage. 

Procedure 

Surveys  were  made  in  Illinois  during  1953-61  to  determine  the  extent  of 
variation  in  damage  to  dent  com  by  the  earworm  and  to  understand  better  the 
conditions  responsible.  The  surveys  were  enlarged  to  include  Mississippi 
during  1957-61,  as  well  as  western  Tennessee  and  western  Kentucky  during 
1958-61.  The  surveys  were  made  in  a  uniform  manner  so  that  the  data  could  be 
compared. 

Fields  approximately  25  miles  apart  in  each  direction  were  sampled  each 
year  in  Illinois,  Tennessee,  and  Kentucky.  In  Mississippi  a  field  was 
examined  for  each  500,000  bushels  of  corn  produced  in  each  agricultural 
district  of  the  State.   In  all  areas  five  random  samples  of  10  consecutive  ears 
were  examined  in  each  field.  The  husks  were  slit  with  a  knife,  the  percentage 
of  infested  ears  was  determined,  and  the  damage  was  classified  according  to 
the  depth  of  penetration  of  the  larvae  as  well  as  added  destruction  of  kernels 
by  diseases  associated  with  earworm  damage.  The  classes  were  as  follows: 

Penetration  depth  by      Represented  loss  of 
Class  larvae  (inches)         grain  by  weight  (percent) 

1 2/5  0.44 

2 1  1.87 

3 2  4.10 

4 3  7.87 

5 More  than  3 

(below  tip  kernels)  16.55 


4/     U.S.  Agricultural  Research  Service,  Plant  Pest  Control  Division. 
Light  trap  collections.   Coop.  Econ.  Insect  Rpts,  3-11.   1953-61. 
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The  amounts  of  damaged  com  represented  by  each  class  were  calculated  as 
accurately  as  possible*  The  damage  values  for  each  were  determined  by 
examining  1,000  or  more  ears  showing  each  class  of  damage.  The  number  of 
kernels  destroyed  was  computed  for  each  ear,  and  good  kernels  taken  from  areas 
adjacent  to  those  destroyed  were  weighed  to  obtain  damage  percentages.   The 
percent  infested  ears  and  the  estimated  percent  damage  are  given  in  table  1, 

Compilations  of  data  on  temperature  and  rainfall  were  studied  for  clues 
as  to  reasons  for  the  amounts  of  damage  shown  by  the  surveys.  These  data  were 
from  U.S.  Weather  Bureau  records  at  locations  in  Illinois,  Missouri,  and 
Mississippi.   Included  in  the  compilations  were  averages  and  the  normal 
temperature  and  rainfall,  as  shown  in  table  2.   Data  from  these  tables  as  well 
as  the  general  descriptions  of  earworm  infestations  were  used  in  interpreting 
the  effects  of  temperature  and  rainfall  on  infestation  and  damage. 

Results 

The  greatest  damage  occurred  in  Illinois  in  1954,  in  Mississippi  in  1957, 
and  in  western  Tennessee  in  1958.  The  least  damage  was  in  Illinois  and  in 
western  Tennessee  in  1961,   Data  for  other  years  and  several  other  areas  were 
considered.  However,  the  data  in  table  1  contributed  most  to  understanding 
the  effect  of  temperature  and  rainfall  on  earworm  damage, 

A  study  of  the  climatic  data  in  table  2  indicates  some  reasons  for  the 
rates  of  infestation  and  damage.   In  an  earlier  studyr.'  average  temperatures 
below  35**  F,  were  unfavorable  or  detrimental  to  survival  of  the  earworm,  and 
below  30*  very  few,  if  any,  pupae  survived  the  winter  and  produced  adults. 


In  1953-54,  at  Springfield  and  Urbana,  111.,  winter  temperatures  were 
normal  or  above  and  the  rainfall  was  low.   In  1960-61,  conditions  were  more 
favorable  for  winter  survival  at  St.  Louis,  Mo,,  than  at  Springfield, 
Temperatures  at  Springfield  were  so  low  that  hibernation  was  likely  prevented. 
As  a  result,  early  buildup  of  the  earworm  population  was  prevented  and  less 
damage  resulted  (table  1),  High  rainfall  over  a  wide  area  also  appeared  to 
limit  infestation  and  damage  by  the  earworm  during  1960-61. 

Studies  have  shown  that  the  pupae  are  unable  to  survive  the  winters/ 
in  soils  saturated  for  any  considerable  period.!./  Clay  and  clay  loam  soils 
remain  saturated  longer  than  soils  containing  a  high  percentage  of  sand,  and  in 
many  areas  the  less  permeable  soils  are  the  most  prevalent  types.  Where  the 
soil  becomes  frozen  below  the  depth  at  which  pupae  are  found  (2  to  5  inches), 
they  often  are  immersed  in  water  during  the  thaw  if  there  has  been  much  winter 
precipitation. 

Although  heavy  rainfall  washes  eggs  off  the  corn  silks  and  leaves  and 
causes  high  pupal  mortality,  it  promotes  good  plant  growth  and  wellfilled  ears, 
which  tend  to  minimize  injury  by  the  earworm.   Conversely,  drought  tends  to 
cause  ears  to  have  loose  husks,  which  are  conducive  to  severe  damage.   Based  on 
all  the  weather  observations  and  rates  of  infestation,  it  would  appear  that  an 
average  monthly  rainfall  of  5  inches  or  more  begins  to  limit  damage  by  the 
earworm,  totals  of  6-8  inches  become  more  restrictive,  and  over  8  inches  would 
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undoubtedly  be  detrimental  to  the  earworm  by  washing  eggs  off  the  plants  as 
well  as  drowning  pupae  and  perhaps  other  stages* 

Data  in  table  2  for  Springfield  and  Urbana,  111.,  and  State  College,  Miss., 
show  fluctuations  in  temperature  and  rainfall  that  occurred  at  different  places 
and  years  having  wide  differences  in  rates  of  infestation  and  damage.  The 
several  critical  areas  must  be  defined  by  lines  that  do  not  exist  in  nature. 
For  instance,  although  average  monthly  temperatures  below  35*  tend  to  be 
unfavorable  or  detrimental  to  the  earworm,  they  are  undoubtedly  more  unfavorable 
with  high  rainfall  and  less  so  with  low  rainfall.  However,  average 
temperatures  below  30*  appear  fatal  to  hibernating  earworm  pupae  regardless  of 
the  amount  of  rainfall.  To  avoid  erroneous  conclusions,  rainfall  records  from 
more  than  one  place  should  be  considered. 

Temperature  and  rainfall  records  for  several  areas  during  1953-54 
indicated  the  possiblity  that  infestation  and  damage  might  be  high.  In 
contrast,  the  subnormal  temperatures  at  most  locations  and  widespread  heavy 
rainfall  indicated  a  low  rate  of  infestation  for  1961.  However,  at  State 
College,  Miss,,  studies  show  that  it  is  more  difficult  to  predict  the  trend  of 
infestation  in  the  South  than  in  areas  farther  north  where  weather  conditions 
are  primary  factors.  The  data  for  southern  areas  like  Mississippi  indicate 
that,  although  low  temperature  is  a  limiting  factor  in  earworm  hibernation,  it 
is  never  so  low  as  to  destroy  all  the  pupae. 

Heavy  rainfall  at  State  College  in  both  winter  and  summer  appears  to  be  of 
major  importance  in  limiting  earworm  damage  in  dent  corn.  Winter  rainfall  is 
higher  in  Mississippi,  Tennessee,  Kentucky,  and  southern  Illinois  than  in  the 
Com  Belt,  Also,  biotic  factors  such  as  burrowing  animals,  earthworm  activity, 
and  diseases,  which  destroy  large  larvae  and  pupae  in  the  soil,  no  doubt 
reduce  the  earworm  population  more  in  southern  areas  than  farther  north.  As  an 
example,  diseases  that  destroyed  larvae  and  pupae  in  hibernating  cages  were  the 
principal  reason  for  lack  of  survival  at  Fayetteville,  Ark.— 

Resistance  of  com  to  the  earworm,  which  has  been  developed  to  a  much 
greater  extent  in  the  South  than  in  the  Com  Belt,  has  undoubtedly  caused 
great  reduction  in  earworm  damage.  Tables  1  and  2  show  that  in  spite  of 
supposedly  less  favorable  conditions  for  the  earworm  to  develop  at  State 
College,  com  in  the  area  between  37*  and  38*  latitude  in  Illinois  had  a 
higher  rate  of  infestation  and  more  severe  damage  than  the  most  heavily 
infested  area  in  Mississippi,  between  33*  and  34*  latitude.  Between  38*  and 
39*  latitude  in  Illinois  the  rate  of  infestation  had  dropped  below  the  highest 
rate  in  Mississippi,  but  the  severity  of  damage  was  still  greater.  The  year 
of  greatest  damage  in  Illinois  (1954)  showed  about  the  same  rate  of  infestation 
between  37*  and  40*  latitude  as  between  30*  and  35*  for  the  year  of  greatest 
damage  in  Mississippi  (1957),  but  again  damage  in  Illinois  was  up  to  1-1/2 
times  as  severe  as  that  in  Mississippi,  Undoubtedly,  the  added  resistance  to 
damage  to  the  earworm  developed  in  corn  in  the  South  is  greater  than  these 
data  indicate.  Even  in  dry  years  in  the  South  the  degree  of  damage  is  much 
less  in  infested  southern  hybrids  than  in  the  susceptible  Corn  Belt  hybrids. 
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Summary 

Low  temperatures  and  high  soil  moisture  from  winter  precipitation  prevent 
the  com  earworm  (Heliothis  zea(Boddie))  from  hibernating  much  above  38° 
latitude  in  the  central  United  States  at  any  time  and  probably  considerably 
south  of  that  in  some  years.  However,  it  overwinters  occasionally  in  south- 
eastern Washington  and  southern  Connecticut,   Circumstantial  evidence 
indicates  that  damage  in  the  Com  Belt  results  from  moth  migration,  the 
northernmost  limit  of  which  is  determined  by  winter  weather  conditions.  The 
rate  at  which  this  migration  proceeds  appears  to  be  further  determined  by 
effects  of  summer  weather  conditions  on  the  insect  as  well  as  on  the  plants 
infested  by  it. 

Yearly  surveys  during  1953-61  to  determine  the  amount  of  damage  in 
Illinois  showed  wide  fluctuations,  with  the  greatest  damage  in  1954  and  the 
least  in  1961.  Surveys  in  Mississippi  during  1957-61  showed  the  greatest 
damage  in  1957  and  the  least  in  1961.  The  greatest  damage  in  western  Tennessee 
occurred  in  1958,  the  first  year  of  the  survey  there,  and,  again,  the  least 
damage  was  in  1961.  When  the  climatic  data  for  these  years  at  selected 
locations  are  compared  in  the  light  of  facts  obtained  from  studies  on 
hibernation,  the  conclusions  are  as  follows: 

(1)  Average  temperatures  below  35**  F.  are  detrimental  to  hibernation, 
and  those  below  30°  destroy  pupae  in  all  but  protected  locations. 

(2)  Heavy  winter  precipitation  is  detrimental,  and  conversely,  low 
precipitation  tends  to  assure  hibernation.  However,  average  winter 
temperatures  much  below  30°  appear  to  be  fatal  regardless  of  moisture 
conditions. 

(3)  Low  summer  rainfall  helps  earworm  buildup  in  com  by  not  destroying 
the  several  stages  of  the  insect  and  also  results  in  poor  corn,  which  is 
susceptible  to  damage.  Extreme  drought  can,  however,  reduce  the  earworm 
population.  Average  monthly  sununer  rainfall  above  5  inches  appears  to  be 
unfavorable,  6-8  inches  restrictive,  and  over  8  inches  detrimental  to  the 
earworm. 

(4)  Factors  in  (1)  to  (3)  can  be  used  in  the  southern  Com  Belt  and 
perhaps  farther  north  to  predict  seasons  when  damage  will  be  low  and  to 
indicate  trends  when  damage  is  likely  to  be  high. 

(5)  Damage  between  37°  and  39°  latitude  in  Illinois  was  greater  on  the 
average  than  in  any  area  in  Mississippi,  western  Tennessee,  or  western 
Kentucky.  There  is  less  fluctuation  in  the  amount  of  damage  in  the  southern 
areas  and  the  trend  is  more  difficult  to  predict,  since  biotic  rather  than 
physical  factors  are  of  first  importance  in  determining  the  damage  rate. 

(6)  The  amount  of  rainfall  appears  more  important  than  the  temperature 
in  determining  the  level  of  damage  in  the  South. 

(7)  Development  of  highly  resistant  dent  corn  hybrids  has  greatly 
lessened  the  amount  of  damage  in  the  South  and  thereby  further  minimizes  the 
effect  of  climate. 
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